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bstract

Current guayule commercialization efforts are based upon the production of hypoallergenic latex. The objective of this study was
o determine how latex yield and quality are affected by post-harvest plant storage in order to provide flexibility in the harvesting,
hipping, and processing steps for guayule latex. The experiments were conducted on two lines (11591 and AZ-2) at the University
f Arizona Maricopa Agricultural Center, from March 2001, through December 2004. Weight-average molecular weight of guayule
atex increased as the plants aged from 1.7 to 2.7 years. Guayule latex quality was affected by shrub storage conditions, and addition

f moisture extended the storage time for guayule shrub without negatively impacting molecular weight for both varieties. However,
nder extreme conditions, for example, high temperatures and extended dry storage times, polymer molecular weight reduction of
p to 30% occurred.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Guayule, Parthenium argentatum gray, is a woody
esert shrub native to northern Mexico and the Big Bend,
exas region of the United States. Guayule synthesizes
igh molecular weight cis-1,4-poly(isoprene) known as
atural rubber. It has been the subject of considerable

esearch, particularly during times of short supply or
rice pressure for natural rubber produced by Hevea
rasiliensis (Whitworth and Whitehead, 1991; Cornish

∗ Corresponding author. Tel.: +1 510 559 5816;
ax: +1 510 559 5818.

E-mail address: cmcmahan@pw.usda.gov (C.M. McMahan).
1 Present address: Yulex Corporation, Carlsbad, CA 92008, USA.

926-6690/$ – see front matter © 2006 Elsevier B.V. All rights reserved.
doi:10.1016/j.indcrop.2006.06.002
ar weight

and Schloman, 2004). Guayule latex contains no soluble
protein, is low in hydrophobic rubber particle-bound pro-
teins, and does not cross-react with Type I latex allergy
(Siler and Cornish, 1994; Siler and Cornish, 1995; Siler
et al., 1996). Thus, guayule latex provides a source
of hypoallergenic latex suitable for the manufacture of
medical products, and is being commercially developed
on this basis.

Commercial reintroduction of guayule rubber
requires agronomic and industrial processing practices
that minimize the loss of quality and quantity of latex
between the time the shrub is harvested until the latex is

delivered to the product manufacturer. Once harvested,
natural processes occurring within the shrub that protect
the rubber from oxidative degradation are progressively
diminished over time. It is not always practical to
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dx.doi.org/10.1016/j.indcrop.2006.06.002


Crops

plant material. Steps 2–6 were done in less than 3 h
to minimize latex loss. The freshly chipped mixture
was stored at 4–10 ◦C prior to laboratory analysis for
latex.

Table 1
Shrub storage conditions

Treatment Storage conditions

1 Plants chipped immediately after harvest
2 7 days dry
3 7 days moist
4 14 days moist
5 7 days dry, then 7 days moist
6 21 days moist
7 14 days dry, then 7 days moist
322 C.M. McMahan et al. / Industrial

process shrub immediately after harvest, and in some
cases it may not be desirable. In fact, prior to 1952, field
curing of guayule shrub, from 10 to 45 days, was an
accepted agronomic practice (Taylor and Chubb, 1952),
considered essential to reduce the weight of material to
be transported, and to recover the maximum amount of
rubber in the milling (solid rubber extraction) process.

According to previous workers field storage most
likely influences the rubber content, especially in latex
extractable form, and the polymer molecular weight,
due to degradative processes naturally occurring after
plant harvest. Various effects of post-harvest storage
of guayule shrubs, chipped material, and homogenate
have been studied by workers using a range of labora-
tory and field conditions (Black et al., 1986; Schloman
et al., 1986; Estilai and Hammerstrand, 1989; Dierig
et al., 1990; Nakayama and Coates, 1996; Cornish et
al., 2000; Coffelt et al., 2005). These workers clearly
showed that long term, high temperature field storage
adversely affects rubber content, especially latex con-
tent, and rubber quality, as measured by polymer molec-
ular weight. Degradation was considered to be due to
a combination of oxidative and enzymatic processes.
Post-harvest degradation was genotype dependent and,
as such, may respond to improvements via plant breed-
ing (Estilai and Hammerstrand, 1989; Dierig et al.,
1990).

Economical recovery of rubber from harvested
guayule requires a thorough understanding of the influ-
ence of storage variables on recovery of natural rubber
in its liquid latex form. Seasonal effects, variety effects,
and moisture levels, as well as various agronomic prac-
tices, must be well understood to maximize productivity.
The objective of our present study was to determine how
latex yield and quality are affected by post-harvest plant
storage in order to provide flexibility in the harvesting,
chipping, and downstream processing steps for guayule
latex.

2. Materials and methods

2.1. Plant establishment

The experiment was conducted to determine the effect
of shrub storage method following harvest and prior
to chipping on the latex yield and quality of two lines
(11591 and AZ-2). The plants used in this study were
transplanted at the University of Arizona Maricopa Agri-

cultural Center, March 2001. Harvest took place three
times per year (March, July, November) for two years
beginning in November 2002 when the plants were 1.7
years old.
and Products 24 (2006) 321–328

2.2. Storage treatments

Each line was subjected to ten storage treatments
which consisted of various combinations of drying and
wetting periods (Table 1). Drying periods consisted of
placing the harvested shrub in the shade, under ambient
temperature conditions. Moist storage was achieved by
light water misting of the shrubs, typically 2–3 min per
day, under the same shaded, ambient temperatures. The
experiment was a randomized complete block design
with four replicates. Three years of storage experiments
(2002, 2003, 2004) were included in this study for a
total of 320 samples. Additional details for the exper-
imental design have been reported by Coffelt et al.
(2005).

2.3. Harvest and processing

Plants were harvested using the method developed
by Coffelt and Nakayama (2004) and were processed
immediately (control, treatment 1) or stored prior to
chipping as described in Table 1. A six-step protocol
was used to process the shrubs: (1) plants were cut in
the field close to ground level (−50 mm); (2) plants
were transported from the field to the chipping area as
soon as possible in bags; (3) fresh weight was obtained
for each sample; (4) the sample was processed through
the chipper and fresh weight of the chipped material
recorded; (5) ammoniated antioxidant solution (0.2%
sodium sulfite in distilled water at a pH of about 11)
was added so that fresh weight of plant material col-
lected and antioxidant solution were in a 1:1 ratio; (6)
the antioxidant solution was thoroughly mixed with the
8 28 days moist
9 21 days dry, then 7 days moist

10 7 days dry, 7 days moist, 7 days dry, 7 days moist

Note: All plants stored in the shade at ambient temperature, seasonally
variable.
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.4. Latex recovery

Subsamples (0.5–1.0 kg) of antioxidant treated fresh
lant chip mixture were placed in plastic bags, packed
n ice, and shipped overnight in coolers to the USDA-

estern Regional Research Center in Albany, Califor-
ia, for further processing and analysis. At the labo-
atory, each sample was weighed, then placed into a
ne gallon Waring blender and covered with a measured
mount of antioxidant solution (AAO: 0.1% Na2SO3,
H 9). Samples were ground for 60 s; the filtrate pressed
hrough four layers of cheesecloth and collected. A
and-powdered hydraulic press with a 1 mm stain-
ess steel mesh screen was used to press the mixture
uch that the residual bagasse was moderately damp.
he filtrate was adjusted to pH 10 with ammonium
ydroxide, and the volume of homogenate recorded.
omogenate was centrifuged in a Sorvall RC-5B or
C 5-C bucket rotor for 40 min at 7000 rpm to sed-

ment non-latex solids, and the supernatant (clarified
omogenate) was decanted. Centrifugation was repeated
wice. Three volumes of 0.1% ammonium alginate (in
AO) was added to one volume of clarified homogenate
r pooled light phase, in a separation vessel and the
oncentration adjusted to 0.1% alginate. The contents
f the vessel were swirled gently to mix the solu-
ion without forming bubbles and stored overnight.

layer of latex formed on top of the alginate solu-
ion. The subnatant solution was drained from the bot-
om of the separation vessel and the latex layer resus-
ended in 0.1% alginate (1:5, v/v) and the suspen-
ion gently swirled. The latex layer was then repeat-
dly washed with 0.05% alginate until reaching the
oint when no discoloration of the subnatant was appar-
nt (3–6 washes). The purified latex was then trans-
erred to a suitable tube or bottle, overlaid with nitro-
en gas and stored at 4 ◦C until analyses were per-
ormed. The latex storage conditions used resulted in
arying levels of latex coagulation: mild to moder-
te, and, in some cases, severe coagulation. In most
ases sufficient liquid latex remained for particle size
nd protein assay measurements. For molecular weight
eterminations, rubber fractions from both fresh latex
nd coagulate were fully soluble in the organic solvent
sed.

.5. Particle size
Particle size of the latex was determined using a
oriba LA-900 Laser Light Diffraction Particle Size
istribution Analyzer according to the manufacturer’s

nstructions (Horiba, 1996).
and Products 24 (2006) 321–328 323

2.6. Protein determination

The amount of protein in the latex was deter-
mined using a Pierce micro-BCA assay kit. This pro-
cedure involved the solubilization of protein from latex
with sodium dodecyl sulfate. The aqueous protein was
removed from the latex, precipitated with trichloroacetic
acid, and re-suspended in sodium hydroxide solution.
The solubilized protein was then mixed with bicin-
chonic acid reagent and the protein level quantified
against a series of bovine serum albumin standards
using an Ultraspec-3000 spectrophotometer. Details
on the procedure can be found in Siler and Cornish
(1995).

2.7. Rubber molecular weight

Molecular characteristics of rubber in solution were
determined by size exclusion chromatography with
multi-angle laser light scattering (SEC-MALLS). Fif-
teen microliter liquid latex was dissolved overnight
in 2–5 ml of 0.2 �m filtered tetrahydrofuran (THF) in
8 ml borosilicate vials with Teflon coated lids. The
next day, the sample solution was filtered through
1.6 �m glass microfiber/polypropylene housing (GF/A)
Whatman syringe filter into 12 mm × 32 mm clear
borosilicate screw-cap vials w/poly(tetrafluoroethylene)
(PTFE) septa. Molecular weights and their distribu-
tions were determined using a Hewlett-Packard 1100
series high pressure liquid chromatograph (HPLC),
coupled to multi-angle laser light scattering (DAWN
DSP Laser Photometer, Wyatt Technologies, Santa
Barbara, CA) and refractive index (HP1047) detec-
tors. For each sample, following a THF blank run,
a 50 �l subsample was injected and run through
a Phenogel 5 m Linear/Mixed Guard Column (Phe-
nomenex) and two Polymer Labs gel 10 �m mixed-
B exclusion columns connected in series. The flow
rate was 1 ml/min, and the column temperature was
35 ◦C.

3. Results

3.1. Particle size

Natural rubber latex is a stable aqueous dispersion of
small rubber particles, each surrounded by a monolayer
bio-membrane containing a species-specific comple-

ment of proteins and lipids (Siler et al., 1997; Cornish
et al., 1999). The size of latex particles is always repre-
sented by a distribution, varies by species, and at times
within a species (Cornish, 2001). The guayule latex
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Table 2
Combined average particle size of latex

Storage treatment Average (�m) Standard error

1 1.07 0.14
2 1.59 0.07
3 1.66 0.08
4 1.69 0.04
5 1.73 0.01
6 1.62 0.05
7 1.59 0.07
8 1.69 0.08
9 1.45 0.08

10 1.53 0.10

Fig. 1. Particle size distribution for guayule latex recovered from the
November 2002 harvest of variety AZ-2 (plant age 1.7 years). Control
is Treatment 1.

particle size distributions for control and experimental
treatments for the first (November 2002) harvest of
AZ-2 are shown in Fig. 1. All data were normalized to
100 relative frequency for ease of comparison, a natural
spline interpolation was used to smooth the curves,
and errors bars represent the standard error of replicate
measurements where available. The first harvest of
1.7-year-old plants shown in Fig. 1 is typical of the
results found in 5 of 6 cases (2 lines × 3 harvests). The
control sample (Treatment 1) shows an average particle
size of about 1 �m, with a distribution ranging from 0.4
to >4 �m, skewed toward larger particles. Most of the
rest of the samples are clustered around a mean particle
size of just under 2 �m, with a few samples in between.
The increase in frequency at higher diameters (>3 �m)
of many of the samples is attributed to the presence
of coagulate. In fact, many of the stored latex samples
showed significant levels of coagulation; despite filtering
prior to measurements, peaks representing coagulated
latex appeared frequently. Control samples were usually
more resistant to the tendency to coagulate. In general,
storage condition severity increases with Treatment #2
to #10. No trends were observed correlating individual
storage treatments with particle size or size distribution
for the experimental treatments. Similar results were
found for the remaining harvests: low average particle
size for the control, and a cluster of higher particle sizes
for all experimental treatments. The average particle
size values were similar for all lattices tested, regardless
of line, plant age, or harvest season. Table 2 includes
combined data indicating low variation of control
average particle size around 1.0 �m, and all latex from
stored shrubs over 1.5 �m. The November 2003 harvest

of 11591 is the single exception to these observations;
all treatments including the control are relatively
tightly clustered around a mean particle size of about
1.5 �m.
Averages represent both lines (AZ-2 and 11591) for three harvests,
November 2002, November 2003, and March 2004.

3.2. Protein assay

Results for total protein, expressed as micrograms
protein per milligram dry weight rubber, appear in
Table 2. The data represent the first (November 2002)
and second last (March 2004) harvests. No differences
were found for protein levels for different storage treat-
ments for any harvest. The Table 2 data was, therefore,
combined per harvest and sorted by line. Protein levels
for AZ-2 are higher than 11591 for the November 2002
harvest, and dropped to lower values by the March 2004
harvest. Those differences are significant only within
±1 standard error. The average total protein content for
11591 is consistent between harvests. Combined data
for both harvests indicate total protein in these guayule
rubber samples is about 5.7 �g/mg dry rubber, with no
significant difference between lines Table 3.

3.3. Molecular weight

The molecular weight of any polymer is expressed
as an average of a distribution, and different averages
weight low or high fractions more heavily. Size Exclu-
sion Chromatography provides information about the
size and shape of polymer molecules and has proven
quite useful in characterizing cis-1,4-polyisoprene pro-
duced by biosynthesis (Cornish and Schloman, 2004).
Concerns about the effect of shrub storage on latex
quality are related to polymer degradation, i.e., chain
length reduction. The weight average molecular weight,
Mw, is most sensitive to the longer, i.e. higher molecular
weight chains in the Mw distribution. Therefore, one

might expect the weight-average molecular weight to
be more sensitive to degradation effects, as the longest
chains undergo cleavage. In our analysis weight average,
number average, and polydispersity measures were
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Table 3
Combined protein content at harvest for lines AZ-2 and 11595

Harvest date
Variety and total protein (�g/mg dry weight rubber)

AZ-2 11591

Average Standard error N Average Standard error N

November 2002 8.45 1.51 16 5.93 1.62 13
March 2004 3.39 0.79 18 5.36 1.09 24
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ing the molecular weight of cis-1,4-polyisoprene rubber
in guayule shrub. Significant reductions in Mw are not
seen until 28 days post-harvest, for March 2003 and July
2003, both quite warm months in Arizona.
ll Data 5.85 0.90

nvestigated, and, indeed, the Mw values showed the
reatest sensitivity to experimental conditions, as found
y previous workers (Black et al., 1986; Schloman et
l., 1986; Estilai and Hammerstrand, 1989; Dierig et
l., 1990). Therefore, the data presented will focus on
hanges to weight-average molecular weight throughout
his section.

.3.1. Plant age
The average Mw values for the first (November 2002,

.7-year-old plants) and the last (3.3-year-old plants)
arvests are shown in Fig. 2. For nearly every case
92%) where comparable data exist, the Mw values
re higher in July 2004 than November 2002. Addi-
ional data (not shown) indicate that the average Mw
ncreased until the plants were 2.7 years old. By the
fth harvest (3.0 years old) the average Mw showed little
hange.

.3.2. Moist versus dry storage/summer versus
inter harvest

The effect of seven days dry or moist storage can be
ade by a comparison of Treatment #1 (control) with #2

7 days dry) and #3 (7 days moist). Fig. 3a–b illustrate
hat comparison graphically. No significant differences
ere detected for any of the comparisons (Data sets are

ncomplete where insufficient latex could be recovered,
r where the amount of latex recovered precluded multi-
le tests). The summer harvest, with highest temperature
onditions, provides the best environment for thermal
egradation. But molecular weights of rubber recovered
fter seven days summer storage were within statistical
quivalence of controls. Dry storage treatments beyond
even days led to significant latex losses (see Coffelt et
l. (2005), also Fig. 5 and discussion). For the two sum-
er harvests (and one March harvest) it was not possible
o recover sufficient latex for testing from shrub stored
eyond seven days.

A systematic study of the effect of time under moist
torage conditions is illustrated by a comparison of Treat-
35 5.57 0.87 38

ments # 1 (control), #3 (7 days), #4 (14 days), #6 (21
days), and #8 (28 days). Fig. 4 plots Mw as a func-
tion of days of moist storage for two harvests. Overall,
moist storage appears to be quite effective at preserv-
Fig. 2. Average molecular weight, Mw, for rubber recovered from
guayule latex following shrub storage under various treatments. Com-
parison of first (November 2002, 1.7 years old plants) and last (July
2004, 3.3 years old plants) harvests.
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Fig. 3. Average molecular weight, Mw, for rubber recovered from
guayule latex following 0–7 days shrub storage. Plant ages from
1.7 year (November 2002) to 3.3 year (March 2004).

Fig. 4. Average molecular weight, Mw, for rubber recovered from
guayule latex following 0–26 days shrub storage under moist con-
ditions. Plant ages are 2.0 year (March 2003) to 2.3 year (July 2003).
and Products 24 (2006) 321–328

4. Discussion

Latex quality can be described by particle size, pro-
tein content, and rubber molecular weight, among other
factors. These characteristics were measured over a three
and a half year period for two lines of harvested guayule
shrub subjected to various storage treatments. Latex
total protein content showed no significant differences
attributable to post-harvest storage conditions. Latex par-
ticle size mean values for control samples were lower
than typically measured. Controls for this study averaged
1.07 �m, and were as low as 0.75 �m. Typical results
for fresh guayule latex in our laboratory are closer to
1.5 �m, and results from a recent pre-commercial sample
(McMahan et al., 2005) averaged 1.32 �m. One possible
explanation for differences lies in the process used: high
energy chipping of shrub could promote particle coagu-
lation, especially for a dry chip process. The larger, older
particles, residing in plant cell vacuoles, might be pref-
erentially coagulated in this process, which would lead
to a lower mean particle size.

For five of six harvests, shrub storage caused a shift to
larger average particle size. The minimum shrub storage
time in this study was 7 days. More severe treatments
showed similar shift in mean particle size compared
to less severe treatments, indicating that particle size
changes were mostly complete after seven days. This
implies dehydration, rather than degradation, is responsi-
ble for particle size changes, through coagulation effects.
Dehydration of guayule branches in known to have a dra-
matic influence on the extractable latex (Cornish et al.,
2000). In that study, losses were noted at 80% relative
water content. Even hydrated branches stored at 4 ◦C lost
latex content due to a combination of solid rubber conver-
sion (coagulation) and degradation. In the present study,
only the freshest (control) shrubs, processed as quickly
as possible, had the best protection from dehydration.
The results presented here suggest that the latex recov-
ered from stored shrubs has already begun to coagulate,
that early particle coalescence still allows for recover as
latex, and that the misting process used to help retain
moisture does not prevent that coagulation.

Coffelt et al. (2005) has separately reported that moist
storage preserved or increased latex concentration and
latex yield over freshly harvested shrub for the plants
used in this study. In contrast, dry storage were generally
lower than freshly harvested shrub in latex concentra-
tion and yield. The differences in latex concentration

measured were significant and substantial (Coffelt et al.,
2005), and are contrasted with Mw effects in Fig. 5a–b for
two harvests. Large differences in latex concentration,
especially under dry storage conditions in March and
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ig. 5. Latex concentration and average molecular weight, Mw, for
ubber recovered from guayule latex following 0–7 days shrub storage.
atex concentration data is taken from Coffelt et al. (2005).

uly of 2003, are not reflected by accompanying changes
n Mw. This confirms that the source of the latex loss is
ot be due to degradation. Because this study recovered
olymer only in the latex form, it is likely that coagula-
ion of latex contributed to concentration losses, and that
he latex recovered, while lower in quantity, has suffered
elatively little degradation.

For this study, once degradation took place it did so
uickly. For example, moist storage up to 21 days (Fig. 4)
howed high molecular weights for March and July har-
ests for both lines. Over the next seven days (day 21
o day 28), Mw was reduced by approximately 25%. For
nprotected rubber, microbial, enzymatic, or oxidative
egradation processes could each proceed quickly once
hreshold conditions are reached.

It has been suggested that the breakdown of the rubber
olecule occurs as soon as the plant is harvested and that

egradation may occur both oxidatively and enzymati-
ally. When Taylor and Chubb (1952) compared fresh

nd stored shrub, from Variety 593 for rubber quality,
he fresh shrub, which was processed with a minimum
elay after harvest, yielded the maximum quantity of
igh molecular weight rubber. Guayule shrub which was
and Products 24 (2006) 321–328 327

field cured for seven days, baled with the leaves, then
processed, showed a ∼30% molecular weight reduc-
tion (by solution viscometry). In our study seven days
storage showed no evidence of degradation. The key
difference between our work and that of Taylor and
Chubb is recovery of the latex versus recovery of the
rubber. Solvent-recovered rubber includes that fraction
lost to latex through coagulation. Perhaps the lipid mem-
brane surrounding latex particles provides protection
from degradation for the latex fractions. The coagu-
lated rubber, still stored by the plant, may be more
susceptible to degradation. It is also probable that the
advancement of shrub quality in the lines used in the
present study have resulted in a plant that is indeed more
resistant to polymer degradation, regardless of the mech-
anism. A study conducted in the early 1980s (Estilai
and Hammerstrand, 1989) of field storage of 20 differ-
ent guayule varieties found distinct genotype-dependant
differences with respect to rubber content and molec-
ular weight. The varieties used in our study present a
view of plants with considerable resistance to polymer
degradation. Molecular weight degradation in the Ari-
zona summer was not significant, especially under moist
conditions, for up to 21 days. This study confirms that
proper storage of guayule plants post-harvest can main-
tain latex quality for up to four weeks.

Coffelt et al.’s (2005) data showed moist storage
can preserve latex yield (concentration), and under mild
(spring) ambient temperatures result in little or no latex
loss at up to seven days storage. The same shrubs showed
no significant loss in quality, i.e., polymer degradation,
over that same time period. Further, when latex losses
did occur (summer temperatures, dry storage) the qual-
ity of latex recovered was still good. These findings are
significant in that they suggests shrub should be kept
moist when stored, that it can be stored up to seven
days in mild weather without loss in quantity or quality,
and that if longer storage periods are needed, or higher
temperatures encountered, some latex will be lost. The
recoverable latex, while lower in quantity, should be nev-
ertheless of good quality.

Acknowledgements

The authors express their appreciation to the Depart-
ment of Plant Sciences, University of Arizona, the West-
ern Regional Research Center, USDA-ARS, the U.S.
Water Conservation Laboratory, USDA-ARS, and the

Yulex Corporation, for their support and the permission
to publish this work. This research was supported by an
Initiative for Future Agriculture and Food Systems con-
sortium grant number 00-52104-9660, ‘Development of



Crops
328 C.M. McMahan et al. / Industrial

Non-allergenic Latex Products from Guayule’, awarded
to the University of Arizona.

References

Black, L.T., Swanson, C.L., Hammerstrand, G.E., 1986. Effects of
storage on the molecular weight of rubber contained in guayule.
Rubber Chem. Technol. 59, 123–129.

Coffelt, T.A., Nakayama, F.S., 2004. Harvesting small plots of guayule
(Parthenium argentatum) for latex analyses. Association for the
Advancement of Industrial Crops Annual Meeting, 12–15 October
2003. Minneapolis, MN, Abstract p. 10.

Coffelt, T.A., Nakayama, F.S., Ray, D.T., Foster, M.A., 2005. Agro-
nomic and breeding studies in guayule. Proc. 167th Spring Tech-
nical Meeting of the Rubber Division of the Am. Chem. Soc. (in
press).

Cornish, K., 2001. Similarities and difference in rubber biochemistry
among plant species. Phytochemistry 57, 1123–1134.

Cornish, K., Schloman, Jr. WW, 2004. Guayule Rubber, Encyclopedia
of Polymer Science and Technology, Article Online Posting Date,
15 March 2004.

Cornish, K., Wood, D.F., Windle, J.J., 1999. Rubber particles from four
different species, examined by transmission electron microscopy
and electron paramagnetic resonance spin labeling, are found to
consist of a homogeneous rubber core enclosed by a contiguous,
monolayer biomembrane. Planta 210, 85–96.

Cornish, K., Chapman, M.H., Brichta, J.L., Vinyard, S.H., Nakayama,
F.S., 2000. Post-harvest stability of latex in different sizes of
guayule branches. Ind. Crops Prod. 12, 25–32.
Dierig, D.A., Thompson, A.E., Ray, D.T., 1990. Effects of field storage
on guayule rubber quantity and quality. Rubber Chem. Technol. 64,
211–217.

Estilai, A., Hammerstrand, G.E., 1989. Post-harvest degradation of
guayule rubber. Rubber Chem. Technol. 62, 635–642.
and Products 24 (2006) 321–328

Horiba LA-900 Instruction Manual, July 1996. Version 1.81c, Horiba
Instruments Inc. Irvine, CA.

McMahan, C.M., Cornish, K., Pawlowski, H., Williams, J., 2005. Proc.
167th Technical Meeting of the Rubber Division, Am Chem Soc,
San Antonio, Texas, 16–18 May. Dynamic mechanical properties
of latex films.

Nakayama, F.S., Coates, W., 1996. Storage effects on rubber con-
tent of laboratory- and field-prepared guayule shrub. In: Princen,
L.H., Rossi, C. (Eds.), Third International Conference on New
Industrial Crops and Products. Catamarca, Argentina, pp. 243–
246.

Schloman Jr., W.W., Garrot Jr., D.J., Ray, D.T., 1986. Water stress and
seasonal effects on rubber quality in irrigated guayule. J. Agric.
Food Chem. 34, 683–685.

Siler, D.J., Cornish, K., 1994. Hypoallergenicity of guayule rubber par-
ticle proteins compared to Hevea latex proteins. Ind. Crops Prod.
2, 307–313.

Siler, D.J., Cornish, K., 1995. Measurement of protein in natural rubber
latex. Anal. Biochem. 229, 278–281.

Siler, D.J., Cornish, K., Hamilton, R.G., 1996. Absence of cross-
reactivity of IgE antibodies from Hevea brasiliensis latex allergic
subjects with a new source of natural rubber latex from guayule
(Parthenium argentatum). J. Allergy Clin. Immunol. 98, 895–
902.

Siler, D.J., Goodrich-Tanrikulu, M., Cornish, K., Stafford, A.E.,
McKeon, T.A., 1997. Composition of rubber particles of Hevea
brasiliensis, Parthenium argentatum. Ficus elastica and Euphorbia
lactiflua indicates unconventional surface structure. Plant Physiol.
Biochem. 35, 281–290.

Taylor, K.W., Chubb, R.L., 1952. Rubber recovery from freshly har-

vested guayule. Ind. Eng. Chem. 44, 879–882.

Whitworth, W., Whitehead, E. (Eds.), 1991. Guayule Natural Rubber:
A Technical Publication with Recent Findings, USDA Coopera-
tive Research Service. The University of Arizona, Tucson, AZ,
p. 425.


	Post-harvest storage effects on guayule latex quality from agronomic trials
	Introduction
	Materials and methods
	Plant establishment
	Storage treatments
	Harvest and processing
	Latex recovery
	Particle size
	Protein determination
	Rubber molecular weight

	Results
	Particle size
	Protein assay
	Molecular weight
	Plant age
	Moist versus dry storage/summer versus winter harvest


	Discussion
	Acknowledgements
	References


